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Abstract 

PROBLEM TO BE SOLVED: To obtain a piezoelectric ceramic 
composition consisting mainly of potassium sodium lithium ni 
obate, having such favorable properties as to be >=1 ,000 in d 
ielectric constant, >=25% in electromechanical coupling coeff 
icient Kp , and >200 deg.C in Curie point. 
SOLUTION: This piezoelectric ceramic composition consists 
mainly of a composition of the formula: (1-n) (K1-x-y Nax Liy 
)m (Nb1-z Taz )03 -nM1 M203 (wherein, M1 is a bivalent me 
tal atom such as Mg, Ca, Sr, Ba or Pb; M2 is a tetravalent m 
etal atom such as Ti, Zr, Sn or Hf; (x)>=0.1; (y)<=0.3; (x+y)<0. 
75; 0<=(z)<=0.3; 0.98<=(m)<=1 .0; 0<(n)<0.1 ). 



( 1 ) 



Wmm 1-228227 



(19)H*B»Wrt* (JP) (12) & ^§ ^ ^ W < A > (lOWWUHMHW 

#HI¥11 -228227 

(43)&HB sp«ll^(1999) 8^240 



(51)IntCl. e «S>JIB# F I 

C04B 35/495 C0 4B 35/00 J 

HO 1 L 41/187 HO 1L 41/18 1 0 1 J 



m&mnt »*jh©»2 ol (^ 4 jo 



(2i)aH## 


ttH¥10-35715 


(71) USA 


000008231 
















3pJ«10^(1998)2^18H 




S«5J&fiB]KTtr35*CTB26#10^ 








(72)«^# 












SC«^«H]SCf^«CTB26#10^ 


















(72)5SW« 


/Mil Si: 










«!51&SPWCi^#=TB26#10# 


















(72) 


jrfijfil^ 8ft 










««5fl*SH«m^»z:TB26SlQ% 


















(74)ft31A 


#a± /h* mr (ni«) 





(54) [»9I©*WJ JEEefiHESfi^ft 



(57) [gift] 

^<fr€>/£«ms«aj«^uc*5^T. ttmnmrf 1000 

BUT, ttattfMS^ffftKp *<2 5%Sk±-C. 

-«5S : ( 1 - n) (K,. x . y Na, L 
l y ) B (Nb h Ta, ) 0 3 -nMlM20j T« 

U Mite, Mg, Ca. Sr, B a 3?<D 2 tiBOT&Jg, 
M2I1 Ti, Zr, Sn. H f ^?tf)4fa<Z)&Jg, 0. 
l^x, y^O. 3, x + y<0. 75, OSz^O. 
3. 0. 9 8gm^l. 0, 0<n<0. 1. 



( 2 ) 



11-228227 



[SfjfcSl] — JSjS: (1-n) (K,. x . y Na x L 
i y )„ (Nb,. 2 Ta 2 ) 0 3 -nMlM20 3 

sn*»s**±ri6«-fc"r*, flE«tt»«u£4b. tztz 

U Ml te2flfi©&Jg7C3?t, M2te4ffi©&Jg7Ci!f, 

0. l^x 

y^O. 3 

x + y<0. 75 

O^z^O. 3 

0. 98^mSl. 0 

0<n<0. 1. 

[»3&E2] H&lBMlte, Mg. Ca. Sr, *5J:tf 
B a fr*>ti2,mfr*>mtenfz'Pfc<i:bl W 
IBM2tt. Ti, Zr, Sn, *5cktfH f 

[0 0 0 1] 

[fE9i©S-f S8fl5#if] £©ij§9Jtt, JEfi^SfflfiKiil 
[0 0 0 2] 

m*<D&ffi] JE«-fe 75y?7^MS £*©EE«-fc 5 

KS?;P3>«» (P b (Tl, Z r |_ x ) 0 3 ) fc-St^ 
«5^>gtfB (PbTiOj) 

ffcmt, ^©siti&gfr&^T, -^mtzmwatm^m 

[0 0 0 3] CtUtMLT, ffi^: (K^Na, 
Li y ) NbOjfT^nsrtyi^'J-JAth'J 

4&£##U&^fc#, ±M©ct?&f8ietcitjlL&^. 

[0 0 0 4] Lj^LfcjWS, Il©J:3fc=:*:7«*U"> 
A:h h U r7A U^A«^fc»i:-r-5BE«SBmia** 

y * 9tW&* £ fit * -5 HK <t © -f > t; - ? > 7, V y > 
[0 0 0 5] 



[5gW35i»ftbJ:pi:-r-5g|S] £©fgiP!«, 
* U •> At h »J £A U ^A££>&#£-rSJ£*fiB8§*ia 
J5S;#)^aa-r^JbiB^S*S?»T-5fcis6{r^:$nfcfe© 

itmnmz 100 o^±jcii^$^ 

r> fro, *ffli+#&illitfgtt*S^gtK P (2 5% 

[0 0 0 6] 

ffimf&mZMViTZtztb. -flg5£: <l-n) (K,_ 
^Na.Liy) , (Nb,. z Ta z ) Oj -nMl 

M2o 3 ■zmznzmtfLVo&iii&ftiiTz. mmm&m 

ttt'Sot, JbfB— j&jStCiiH-t, Mltt2ffi©^JH 

7n^fr££:D, M2«4ffi©&Jg7cSt^£7S:9, 

x. y, z, m, iiJ;CKnH, -£-*l-6ft, 

0. l^x, 

y^0. 3. 

x + y<0. 7 5, 

O^z^O. 3. 

0. 9 8^m^l. 0, *3j;tf 

0<n<0. 1 

(D&ft&mrz-rz iz &&miz lt^s. 

[0 0 0 7] _hj£Lfcx. y. z. m, iJcktf n©#«S 
B©^5£SE&tt:, ^©i430Ta&«. xi$&ZfiyiZMl< 
T, ^tl-^n, 0. l^x&itfy^O. 3titt5 
©te, c:n^©®HSr^n^<i:> Aff 
t^7?#75:t^»-e3&^. x + y<0. 75it 

£©«, 0 . 7 5 =g x + ym, *^«r^^ScK p 
fr2 5%J;«3/h;*<;S:D, EES-fe^Sy^^JkS', EE 

[0 0 0 8] tfc. ztcWLT. O^z^O. 3tt5 

©«, ci©«gH$^n^<t. +3.u-^*t2 o ox:&lt 
<Dum&fe&<D&-emmtf£.C2>tztb-e$>z. &tz. m 

{CULT, 0. 9 8Smg 1. 0<hT^©«> C©ISH 

[0 0 0 9] Sfc, ntcPUT, 0<n<0. 
©«, n*»'0. lWiffll^Cll «^«8tt^^^CK 
P *«2 5%«t0/h$<^£0. EE«-fe75y^7-<;^. 
BE«-t 7 5 ^^ffi^^i*©^^ UT©$iJffldSSil«!: 
te.Z>tz<t>-Q$>Z>. ~<DftW\ZjS\,*T. »SKtt, JifB 
-SJStOMlll Mg, Ca, Sr, iiiZ/Ba^e. 

2«, Ti, Zr, Sn. i$&ZfH f A^^-Sgf^SS 

[0 0 10] 

[*JS0!|] ST, aiSeimtLT. K 2 C0 3 , Na 2 
C0 3 , Li 2 C0 3 , Nb 2 O s , Ta 2 O s , Ca 
C0 3 , SrCOj, BaCOj, T i 0 2 , Zr 



^¥11-228227 



o 2 . *±»sno, *jh*u znz<nmm&, 

(1-n) (K|. x . y Na, L i y ) m (Nb,^ 
Ta, ) 0 3 -nMlM20 3 fCiJl^TS 1 t^t"«t O 

Lft&. 7 0 0t~9 0 0"C©lST«Lfc. 

mmM7LT#-)v$.)\,&m\,*T4mmmj$.®ftL. 40 

[0011] ^tc, &ftiSg$*fc*SH£$: 1 0 0 0 kg 
/cm! ©JE^j-eHtg 1 2mm, ilS 1. 2mm©P3S 
1 0 5 0'C~ 13 0 OtCfiftT. S# 



5 0"C~1 5 0 , C©«a&^-'f;UtfJT2~l 0 kV/ 
mm©itSgmffi* 1 0~3 0 ftffl81fial,TftMmm$:m 

[0012] -a^-v. «-t*»icov»T. ttmmm. mm. 

[0 0 13] 

[*i] 



K*4 


Ml 


M2 


x 




2 


m 








it nil A 








mol 


mol 


mol 


rnol 


mol 






(*C) 


*1 


Ca 


Ti 


0.7 


0.1 


0 


1 


0.05 


850 


22.0 


430 


*2 




— 


0.6 


0.1 


0 


1 


0 


580 


36.5 


400 


3 


Ca 


Ti 


0.6 


0.1 


0 


1 


0.05 


1010 


31.0 


370 


4 


Ca 


Ti 


0.6 


0.1 


0 


1 


0.09 


1280 


29.5 


310 


*5 


Ca 


Ti 


0.6 


0.1 


0 


1 


0.1 


1350 


23.5 


250 


*6 




— 


0.4 


0.1 


0 


1 


0 


650 


35.5 


370 


7 


Ca 


Ti 


0.4 


0.1 


0 


1 


0.05 


1110 


30.0 


290 


8 


Ca 


Ti 


0.4 


0.1 


0 


1 


0.09 


1310 


28.5 


235 i 


★ 9 


Ca 


Ti 


0.4 


0.1 


0 


1 


0.1 


1420 


24.5 


215 


* 10 




— 


0.1 


0.1 


0 


1 


0 


350 


28.0 


405 


11 


Ca 


Ti 


0.1 


0.1 


0 


1 


0.05 


1005 


27.0 


365 


12 


Ca 


Ti 


0.1 


0.1 


0 


1 


0.09 


1220 


25.5 


300 


*13 


Ca 


Ti 


0.1 


0.1 


0 


1 


0.1 


1240 


22.0 


260 


* 14 


' Ca 


Ti 


0.05 


0.1 


0 


1 


0.05 








* 15 


Ca 


Ti 


0.4 


0.4 


0 


1 


0.05 








* 1 6 






0.4 


0.3 


0 


1 


0 


470 


27.5 


380 


17 


Ca 


Ti 


0.4 


0.3 


0 


1 


0.05 


1100 


26.0 


300 


1 0 

To 


Ca 


Ti 


0.4 


0.3 


0 


1 


0.09 


1210 


25.0 


225 


* 19 


Ca 


Ti 


0.4 


0.3 


0 


1 


0.1 


1270 


21.5 


205 


* 20 






0.4 


0 


0 


J 


0 


420 


37.0 


375 


21 


Co 




n a 


u 


u 




U.UD 


1 m n 
i Ul U 






22 


Ca 


Ti 


0.4 


0 


0 




0.09 


1240 


29.5 


265 


*23 


Ca 


Ti 


0.4 


0 


0 




0.1 


1360 


24.5 


240 


*24 






0.4 


0 


0.1 




0 


505 


39.0 


365 


25 


Ca 


Ti 


0.4 


0 


0.1 




0.05 


1150 


34.5 


280 


26 


Ca 


Ti 


0.4 


0 


0.1 




0.09 


1270 


27.5 


240 


♦ 27 


Ca 


Ti 


0.4 


0 


0.1 




0.1 


1370 


24.5 


230 


*28 






0.4 


0 


0.3 




0 


570 


36.0 


315 


29 


Ca 


Ti 


0.4 


0 


0.3 




0.05 


1190 


30.5 


235 


30 


Ca 


Ti 


0.4 


0 


0.3 




0.09 


1320 


26.0 


215 


*31 


Ca 


Ti 


0.4 


0 


0.3 




0.1 


1420 


23.0 


200 


♦ 32 


Ca 


Ti 


0.4 


0 


0.4 




0.05 


1500 


34.0 


160 


*33 






0.4 


0 


0 


0.98 


0 


425 


40.5 


380 


34 


Ca 


Ti 


0.4 


0 


0 


0.98 


0.05 


1020 


38.0 


290 


35 


Ca 


Ti 


0.4 


0 


0 


0.98 


0.09 


1210 


30.5 


265 


*36 


Ca 


Ti 


0.4 


0 


0 


0.98 


0.1 


1280 


24.5 


240 


*37 


Ca 


Ti 


0.4 


0 


0 


0.97 


0.05 








38 


Ba 


Ti 


0.4 


0 


0 




0.05 


1100 


31.5 


280 


39 


Ba 


Ti 


0.4 


0 


0 




0.09 


1240 


27.5 


250 


*40 


Ba 


Ti 


0.4 


0 


0 




0.1 


J 400 


23.0 


235 


41 


Ca 1/2 Sr, / 2 


Ti 


0.4 


0 


0 




0.05 


1005 


32.0 


320 


42 


Ca^Sr, /2 


Ti 


0.4 


0 


0 




0.09 


1070 


28.0 


280 


*43 


Ca, /2 Sr, /2 


Ti 


0.4 


0 


0 




0.1 


1105 


24.0 


255 


44 


Ca 


Zr 


0.4 


0 


0 




0.05 


1045 


33.5 


305 


45 


Ca 


Zr 


0.4 


0 


0 




0.09 


1125 


28.0 


266 


*46 


Ca 


Zr 


0.4 


0 


0 




0.1 


1220 


24.5 


250 


47 


Ca 


Ti 1/2 Sn l/2 


0.4 


0 


0 




0.05 


1200 


30.0 


280 


48 


Ca 


Ti 1/2 Sri|/2 


0.4 


0 


0 




0.09 


1410 


26.0 


235 


£42 


£fi 


Tii/jSniy^ 


JiA. 




9 




0.1 


\m 


22,5 


2W 



l^x. y^0. 3. x + y<0. 75, O^z^ 
3» 0. 9 8SmSl. 0, 0<n<0. 



ftfflW- 11-228227 



^t, itrnmrnwi o o oeun?*»3. &tc. n^mm 

#2 0 O'CSrjS^S, t^»5«t'5K:A»a:«ftt**bT 

[0 0 15] dftC^rLT, 0. l^x^fctey^O. 
3©2M$£ii£J£L&Uga*U 4*J<ktfl 5TH m&f- 

0. 3(D*frSr}gST-5^ x + y<0. 7 5£*l£b 
fc^US** 1 Ttt, «M8H**S^&K P 2 2 . 0 % £. 
fir). 2 5 %£t±0«^tt8^^^Kp £itfifcL»& 
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